6 g/m2 per hour. Babies of 30 to 33 weeks' gestation had high water losses in the first week which then fell to levels similar to those of mature babies. Babies <30 weeks' gestation had strikingly high losses, averaging 32 g/m2 per hour in the first 4 days of life. At 2 weeks, levels were still higher than those of mature babies. Light-for-dates babies had skin water losses appropriate for their gestations. The high water losses in extremely preterm babies are probably transepidermal and the result of a thin, poorly keratinised stratum corneum. Water loss from the palms and soles was high in term babies and although low in preterm babies it rose steadily in the first 4 weeks of life. This is thought to represent the onset of emotional sweating. In terms of actual heat and water lost, skin water loss is relatively unimportant in term babies nursed naked under neutral thermal conditions. However, in babies <30 weeks' gestation, weighing <1 kg, skin water loss makes a major contribution to overall water balance. Furthermore, evaporative heat loss from the skin may exceed resting heat production. It is suggested that reduction of skin water loss in these babies may increase their chances of survival and their rates of growth.
Water loss from the skin of a newborn baby, either directly through the epidermis or from the sweat glands, may be important, firstly, as a source of heat loss and, secondly, as a major factor in overall water balance. Measurement of skin water loss from babies has been hampered in the past by the lack of a suitable method. Total insensible water loss from the skin and respiratory tract has been measured using a metabolic chamber Zweymuller and Preining, 1970) , or by measurement of weight loss Fanaroff et al., 1972; Wu and Hodgman, 1974; Marks et al., 1977) . Measurements of skin water loss from isolated sites have been made using a ventilated capsule (Foster et al., 1969; Cunico et al., 1977) . Results suggest that skin water loss is low in term babies, but that in preterm ones, whether nursed naked in standard incubators or under radiant warmers or phototherapy, losses are high. Nilsson (1977) described a method for measuring water loss from the skin, based on estimation of water vapour pressure gradient close to the skin surface. Hammarlund et al. (1977) used this method to measure transepidermal water loss in term infants nursed naked in incubators under neutral thermal conditions and found that it decreased as the ambient humidity was increased. They also measured rates of evaporation from several sites in a small number of babies on the first day of life and found that while rates were high on the face and extremities, they were generally low elsewhere. We were interested in using this simple method to examine the rates of skin water loss from different parts of the body in both term and preterm infants, and to see how they changed with postnatal age.
Method
Evaporation rate (ER) of water from the skin was measured using the commerically available apparatus devised by Nilsson, the Evaporimeter EPI (Servomed). This measures the water vapour 858
Water loss from the skin of ternm antd preterin babies 859 pressure gradient close to the skin surface which is directly proportional to ER. The method has been described in detail (Nilsson, 1977 (Lund and Browder, 1944 (Farr et al., 1966 but after this values fell. Average skin water loss after the first 4 hours was 5 -9 + 1-3 g/m2 per hour (mean ± SD).
Group 2 (Fig. 2 ) Water losses in this group were also low and values were similar to those found in term babies. Measurements made in the first 4 hours averaged 11-0 g/m2 per hour. After this time the average skin water loss was 6 -0 + 1 -2 g/m2 per hour. Babies who were light-for-dates did not differ from those who were appropriate for dates.
Group 3 (Fig. 3 ) Skin water losses were considerably higher than in term babies and the fall in values after 4 hours of age was not seen. Average losses in the first week were 13-0 ± 3-5 g/m2 per hour, but from the second week onwards were similar to those in term babies (7-8 ± 1-7 g/m2 per hour). Babies who were light-for-dates did not differ from those who were appropriate for dates.
Group 4 (Fig. 4 ) Skin water losses in these extremely preterm babies were very much higher than those seen in term ones, and again the fall in values after 4 hours of age was not seen. In the first 3 days losses averaged 32-4 ± 13-6 g/m2 per hour. Losses were still high after the first week; 3 out of 5 babies studied serially at this time had losses 2 to 4 times greater than those of mature babies. Average losses from 4 to 7 days of age were 21-5 ± 8-0 g/m2 per hour, from 8 to 14 days 15-7 ± 7-6 g/m2 per hour, and from 15 days onwards 11 -4 ± 4-8 g/m2 per hour.
Water loss from individual sites ( Table 2) . As would be expected, the rates of evaporation at individual sites fell as both gestational age and postnatal age increased. A number of interesting findings emerged. In the most immature group of babies (group 4) the highest rate of water loss was found on the abdomen (Fig. 5) . Lowest losses were found on the cheek, forehead, palm, and sole. As the babies grew older, all losses fell with the exception of those from the palm and the sole where water loss actually increased. A similar rise in water loss from these sites as the babies grew older was seen in the other preterm babies (groups 2 and 3). Term babies (group 1) had low rates of evaporation over most of the body but water losses from the palms and the soles were high. (Levine and Marples, 1930; Hey _ and Katz, 1969) , so the higher water loss in adults might simply be due to the fact that they have higher *. metabolic rates per unit surface area than babies. In both adults and term infants skin water loss was relatively higher from the palms ofthe hands and the soles of the feet (Hammarlund et al., 1977;  water loss plays a major part in the fall in body temperature which commonly occurs after birth. Strikingly high losses were found in the immature babies. The more immature the baby, the higher was the skin water loss. Losses in babies who were light-for-dates were appropriate for their gestations. The highest skin water loss, about 60 g/m2 per hour, was from a baby of 26 weeks' gestation weighing 660 g on the first 2 days of life. Several investigators have studied water loss in preterm infants, and various methods have been used. Hey and Katz (1969) measured the total evaporative water loss of naked term and preterm babies in a metabolic chamber and derived a skin loss from this by subtracting the measured respiratory loss. Although their study included a baby weighing 1 1 kg at 28 weeks' gestation, no difference in water loss between term and preterm infants was shown. However, Fanaroff et al. (1972) , Wu and Hodgman (1974), and Marks et al. (1977) measured the insensible weight loss ofpreterm infants nursed naked in incubators using a sensitive balance and found relatively high weight losses, the average value of about 30 g/m2 per hour in babies weighing <1 25 kg. Ambient temperature and humidity conditions were similar to ours. In magnitude these values are close to our own, which demonstrates that the higher weight losses of preterm babies are largely a consequence of water loss through the skin as opposed to the respiratory tract.
Although theoretically possible, it seems unlikely that the high losses in immature babies are a result of active sweating. Sweating in response to thermal stimuli has not been demonstrated in infants <210 days' postconceptual age (Foster et al., 1969) . Furthermore, in our study the most immature babies in the first week of life who showed the highest water losses, had lower skin and rectal temperatures than term babies (Table 1) (Scheuplein, 1972) . The fibrous protein, keratin, which is the major constituent of the stratum corneum is thought to be the main barrier to water diffusion. The skin of the preterm baby looks and feels thin, these features being used in the assessment of gestational age. In the very immature baby <30 weeks' gestation it appears moist and the dermal blood vessels are easily visible. The stratum corneum is poorly developed and keratinisation, even of the palms and soles, does not occur until the 6th or 7th month of fetal life (Ernst, 1896) . It seems likely therefore that the high water loss of preterm babies is the result of a lack of keratin. A preterm infant is a water-dwelling fetus forced to live in air; his skin must make premature adjustments to the new air interface. The more immature the infant, the greater the leak of water, and the longer it takes after birth for the leak to stop. However, even in the most immature babies, skin water loss falls to levels similar to those found in term babies after 2 or 3 weeks. This suggests that postnatal existence hastens functional maturation of the skin, possibly by stimulating the formation of keratin. It is consistent with the observation that the skin of extremely immature babies looks similar to that of a term infant by the time the baby is about one-month old It is interesting that the highest rate of water loss in the most immature babies was found over the abdomen where the skin looks thinner and more transparent than at any other site. Similarly, the skin of the forehead, cheek, palms, and soles, which looks thicker than elsewhere, showed a lower permeability to water. Water loss from the palms and soles increased as the babies grew older, whereas losses at all other sites decreased. Furthermore, losses from palms and soles were higher in term babies. It seems likely that a proportion of the water evaporating from the skin of the palm and the sole in preterm babies in the first month is derived from sweat glands and repreEents the onset of emotional sweating.
Implications
From a knowledge of the surface area and the resting oxygen consumption of a baby, it is possible to estimate the total water loss from a baby's skin and the proportion of the baby's resting heat production that this evaporative heat loss represents (Table 3) . Thus a term, 3 5 kg baby, one-day old, nursed naked in an incubator loses about 30 ml water from the skin each day (8 ml/kg per day). In terms of heat loss, this is equivalent to about 10% of the resting heat production. Clearly, water loss from the skin of a term baby is not of major importance once the skin has been dried after delivery. This however is not so for the very low birthweight, immature baby with a relatively high surface area in relation to body weight. A baby <30 weeks' gestation, weighing 0 9 kg, one-day old, nursed naked in an incubator loses about 75 ml water from the skin each day (about 85 ml/kg per day). In terms of evaporative heat loss, this exceeds his resting heat production. Hence, even if radiant and convective heat losses are eliminated, the baby can only maintain his body temperature by increasing his heat production. If the capacity to do this is limited, his body temperature will fall. This explains a clinical paradox. A very small immature baby nursed naked in an incubator frequently has a low rectal temperature. If radiant heat losses are eliminated by use of a Perspex radiant heat shield (Hey and Mount, 1966) and convective heat losses are abolished by raising the incubator air temperature to that of the baby's skin, the baby may still remain cold. This is because his high evaporative heat loss is greater than his maximum rate of heat production. Controlled trials have shown that keeping small, 1-2 kg babies warm increases their chances of survival (Silverman et al., 1958; Day et al., 1964) and results in an increased rate of growth (Glass et al., 1969 
